It is well established that the elongation factor Tu (EF-Tu) is involved in bacterial protein synthesis and is a component of bacteriophage Q(3 replicase (1, 2). It has also been proposed that EF-Tu is involved in the regulation of ribosomal RNA synthesis (3). According to the models proposed in each case, EF-Tu functions in the monomeric form and is, presumably, freely soluble inside the cell. It is therefore intriguing that purified EF-Tu aggregates readily in vitro and precipitates in the presence of calcium and vinblastine ions (4, 5), which is more characteristic of "proteins derived from structure" than of soluble proteins (6). Jacobson et al. (5) have pointed out that these properties are shared by actin.
It is well established that the elongation factor Tu (EF-Tu) is involved in bacterial protein synthesis and is a component of bacteriophage Q(3 replicase (1, 2) . It has also been proposed that EF-Tu is involved in the regulation of ribosomal RNA synthesis (3) . According to the models proposed in each case, EF-Tu functions in the monomeric form and is, presumably, freely soluble inside the cell. It is therefore intriguing that purified EF-Tu aggregates readily in vitro and precipitates in the presence of calcium and vinblastine ions (4, 5) , which is more characteristic of "proteins derived from structure" than of soluble proteins (6) . Jacobson et al. (5) have pointed out that these properties are shared by actin.
Minkoff and Damadian (7) have isolated a complex of proteins from Escherlchia coli by procedures similar to those used for isolating actin and have demonstrated that a component of the complex has the same molecular weight as actin and also that this component might be selectively removed from the complex by interaction with myosin. We have repeated the procedures of Minkoff and Damadian (7) and have shown that the actin-like component they described is identical to EF-Tu. We have also tested EF-Tu prepared by the usual procedure of Miller and Weissbach (8) for two other actin-like properties: the ability to form filaments in vitro and to interact with DNase I. Our results indicate that EF-Tu does form filaments and bundles of filaments under certain conditions. We were unable to demonstrate an affinity for DNase I under the conditions described for actin (9) (12) . Polyacrylamide Gel Electrophoresis. Sodium dodecyl sulfate (NaDodSO4)/polyacrylamide slab gels were prepared according to the method described by Laemmli (13) . The running gel, consisting of a linear gradient of 7.5-15% acrylamide, was allowed to sit at least 16 hr with a few milliliters of gel buffer layered on top prior to pouring of the stacking gel. Gels were run for 6 hr at 175 V and then stained and destained as described by Beck and Park (14) . Standard protein molecular weight markers, purchased from Sigma Chemical Company, were hemoglobin (15,500), carbonic anhydrase (29,000), ovalbumin (45,000), and bovine serum albumin (68,000).
DNase I-Sepharose Column Chromatography. Pancreatic DNase I (Worthington Biochemical, cat. no. 2007) conjugated to cyanogen bromide-activated Sepharose 4B (Pharmacia) was prepared by the method of Lazarides and Lindberg (9) . Approximately 5 mg of DNase I was bound per g of Sepharose 4B. Samples were applied to a DNase-Sepharose column (3-ml bed volume) in 10 mM Tris-HCl, pH 7.9/10% glycerol/i mM CaC12/0.1 mM DTT (buffer I). The (7) with the modifications described above and analyzed the protein components of the complex by Abbreviations: EF-Tu, elongation factor Tu; DTT, dit-hiothreitol; NaDodSO4, sodium dodecyl sulfate; Hepes, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid. NaDodSO4/polyacrylamide gel electrophoresis. Gels comparing the polypeptides of this complex to those of whole cells are shown in Fig. 1 (lanes A and B) . The complex contained a large number of polypeptides, the most prominent of which had the same molecular weight as EF-Tu (42,000) and, in fact, comigrated with purified EF-Tu (Fig. 1, lanes E and F) . Ouchterlony double-diffusion tests using anti-EF-Tu antibody showed a common precipitin band formed with either EF-Tu or the complex as the antigen (Fig. 2) , thus confirming the presence of EF-Tu in the complex. Interestingly, the other protein synthesis elongation factor, EF-Ts, is virtually absent from the complex as shown by NaDodSO4/gel electrophoresis (Fig. 1, lanes G and H) .
The complex was treated with 0.6 M KCI in 20 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (Hepes)-NH40H (pH 6.5) for 2 hr at 40, dialyzed against 0.05 M KC1 in the same buffer overnight, and subsequently centrifuged at 9000 X g for 30 min. Under these conditions, approximately 50% of the EF-Tu was preferentially precipitated from the complex as shown by gel analysis of the supernatant and pellet of such a preparation (Fig. 1, lanes D and C) (Fig. 4E) . It should be noted that, due to the low buffering capacity of Tris at this molarity, the actual pH was 6 .0.
We also studied by electron microscopy the interaction between EF-Tu and EF-Ts, the other protein synthesis elongation factor to which EF-Tu binds. In the presence of EF-Ts, some of the EF-Tu in a pure preparation formed large bundles of filaments that differed from bundles formed in the absence of EF-Ts by their paracrystalline appearance (Fig. 4F ). These showed a periodic repeat of 6 nm along the filament axis.
We also examined the ultrastructure of the polymerization complex. After treatment of the unpolymerized complex with 0.6 M KCI/20 mM Hepes-NH4OH/0.1 mM DTT at pH 6.5 for 120 min at 40, many bundles of filaments were seen arranged in a network-like array (Fig. 4G ). These filament bundles were similar in appearance to those of purified EF-Tu (Fig. 4E) (17) . However, highly overloaded gels of our purified EF-Tu preparations-show virtually no contaminating polypeptides, suggesting that bundle formation may be an intrinsic property of EF-Tu. The binding to DNase I has been shown to be a highly specific property of actin (9) . EF-Tu also binds tightly to DNase I, but with two differences: (i) MgCl2 is required for the interaction and (ti) the interaction does not occur in crude extracts, in which EF-Tu may be more tightly associated with other molecules such as EF-Ts or tRNA (1) . Although the physiological significance of binding is unclear, it does suggest a structural homology between EF-Tu and actin at the DNase I binding site.
We have assayed the effect of EF-Tu on myosin ATPase stimulation. Stimulation of myosin ATPase activity is one of the most important criteria for showing a protein to be actin-like (16) . We sometimes observed a low level stimulation of myosin ATPase by EF-Tu. However, under conditions that are optimal for actin activation, we sometimes observed an inhibition of the myosin ATPase. We have not yet been able to show decoration of EF-Tu filament bundles by heavy meromyosin. Clarification of the interaction between EF-Tu and myosin will reveal whether EF-Tu is truly actin-like.
While we were preparing this manuscript, a paper by Rosenbusch and coworkers (18) appeared which compares structural and functional properties of EF-Tu and actin. Analysis of the 38,000 molecular weight fragment produced by partial tryptic digestion of both EF-Tu and actin showed similarities in certain portions of the two molecules; however, the homology did not appear to extend over large regions. They were unable to demonstrate either the polymerization of EF-Tu into filaments or the binding of EF-Tu to DNase I. However, the latter experiments were performed in the absence of Mg2+. In this respect it should be noted that the polymerization of EF-Tu into filament bundles occurs only under certain conditions. In addition, we have preliminary evidence, based on microscopic observation, that large aggregates of EF-Tu may actually be composed of masses of filament bundles. The large aggregates appear as electron-dense masses unless they are previously disrupted by high salt concentration (B. Beck, unpublished data). The lack of binding of EF-Tu to DNase I may have been due to differences in the method used to detect such binding-i.e., their experiments were performed in the absence of MgCl2 and used cosedimentation or coelectrophoresis as a measure of binding.
Although EF-Tu differs from actin in some respects, the two proteins may be related. Along these lines, we have calculated the SAQ value, a statistical measure of relatedness between proteins based on amino acid composition (19, 20) , for EF-Tu and actin. A value less than 50 is an indication of similarity between two proteins. We obtained a value of 40 for EF-Tu and actin, which substantiates the idea that these proteins may be evolutionarily related. The sequences of the two proteins may have diverged considerably but with retention of certain structural features, as may have happened with bacteriophage and egg white lysozymes (21) . Resolution of the three-dimensional structures of EF-Tu and actin will be critical in further evaluating the relatedness of the two proteins.
The possibility that EF-Tu is a structural protein suggests that it has a role other than its function in protein synthesis. What then could be additional functions of EF-Tu in a bacterial cell? Minkoff and Damadian (7) suggested that polymerization and depolymerization of a contractile protein are involved in the changes in cell volume that occur during uptake of potassium. The polymerization complex of a mutant deficient in potassium uptake polymerizes poorly under conditions in which the complex of the parent polymerizes well (7) . It is also tempting to speculate that EF-Tu could also function in a structural way during protein synthesis in the movement of ribosomes relative to RNA. In light of results that indicate that EF-G, the elongation factor involved in translocation, excludes EF-Tu binding to ribosomes (24) , such a function would depend on hitherto undetected interactions between EF-Tu and the ribosome.
